The effect of bicarbonate-free artificial cerebrospinal fluid on spontaneous oscillations of the membrane potential in inferior olivary neurons of the rat.
The membrane potential of mature inferior olivary (IO) neurons oscillates spontaneously at frequencies up to about 10 Hz. This behavior has been attributed to the complement of membrane conductances in these cells and electronic coupling of the neurons via dendro-dendritic gap junctions. In this study intracellular recordings of transmembrane potentials were made in 52 neurons in brainstem slices from rats aged 8-23 days postnatal. During the recordings in 31 neurons the extracellular solution was exchanged from a bicarbonate- to a tris-buffered solution with constant pH. In all cells the spontaneous oscillations of the membrane potential ceased within a few minutes and in 14 of these cells the oscillations resumed with re-exposure to bicarbonate-buffered solution. The spontaneous oscillations in another 6 neurons also ceased when they were exposed to bicarbonate-buffered solution containing 10 mmol NH4Cl. These experimental manipulations produce a rise in intracellular pH despite constant extracellular pH. The low- and high-threshold potentials associated with voltage-sensitive calcium conductances in these neurons and the large hyperpolarization that follows these potentials were unaffected by substitution of the extracellular solution. However, the anomalous rectification of the membrane potential in these neurons (which could be abolished by exposure of the neurons to 2 mM CsCl) was significantly increased by 12.6% in the tris-buffered solution. The data are consistent with the hypothesis that the continuity of oscillations of the membrane potential in IO neurons depends on the transfer of current between the dendro-dendritic junctions and the soma of each neuron. This transfer is reduced when rectifying K+ conductances in the neurons are increased and the ensemble properties of the group of neurons, and the membrane potential oscillations, are lost.